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+HUH ZH LQWURGXFH D VLPXODWLRQ PHWKRGRORJ\ EDVHG RQ WKH )LQLWH(OHPHQW0HWKRG )(0 DQG H[SHULPHQWDO
LQYHVWLJDWLRQV WR HYDOXDWH WKH VWUXFWXUDO EHKDYLRU RI ODVHU EHDPZHOGHG$O&X MRLQWV 7KH MRLQWV FRQVLVWV RI SXUH
DOXPLQXP $O DQG SXUH FRSSHU &X(73 )RU WKH )(0 VLPXODWLRQV WKH FRPPHUFLDO VRIWZDUH SDFNDJH
$%$486LVXVHG:HOGLQJWHVWVRQKRPRJHQHRXVVKHHWPHWDOVSHFLPHQVDQGKHWHURJHQHRXV$O&XRYHUODSMRLQWV
IRUP WKH H[SHULPHQWDO GDWDEDVH RI WKH QXPHULFDO VWXGLHV$W ILUVW WKHPDWHULDO PRGHOV RI WKH KRPRJHQHRXV EDVH
PDWHULDOV DUHYDOLGDWHGE\PHDQVRI GLVWRUWLRQ DQG UHVLGXDO VWUHVVPHDVXUHPHQWVRQ$ODQG&X(73 VDPSOHV
1H[W D WHFKQLTXH WR GHULYH HIIHFWLYH PDWHULDO SURSHUWLHV IRU WKH KHWHURJHQHRXV GLVVLPLODU PDWHULDOV MRLQWV DUH
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PDWHULDO SRZHU ZHOGLQJVSHHG IRFDOGLDPHWHU ZHOGVHDPOHQJWK VKLHOGLQJJDV
 P v GI l  
 (homogeneous material, sheet metal specimens)
$O : PPLQ P PP $U
&X(73 : PPLQ P PP $U
723 %27720 (heterogeneous material connections, Al-Cu overlap joint sheet metal specimens) 
$O &X(73 : PPLQ P PP QRQH
$O &X(73 : PPLQ P PP QRQH
)LQLWH(OHPHQW0RGHOLQJRIWKH/DVHU%HDP:HOGLQJ3URFHVV
3.1. Governing Equations and Constitutive Modeling  
7R SUHGLFW UHVLGXDO VWUHVVHV DQG ZHOGLQJ GLVWRUWLRQV DFFXUDWHO\ LQIRUPDWLRQ DERXW WKH WHPSHUDWXUH ILHOG
GLVWULEXWLRQZLWKLQWKHKHDWDIIHFWHG]RQHLVFUXFLDO)RUVWUXFWXUDODQDO\VLVVHTXHQWLDOO\FRXSOHGWKHUPRPHFKDQLFDO
)LQLWH(OHPHQWDQDO\]HVDUHSHUIRUPHG7KHH[DFWSK\VLFDOPRGHOLQJRI WKHZHOGLQJSURFHVV LV VWLOO DFKDOOHQJLQJ
WDVNGXHWRKLJKO\QRQOLQHDUFRXSOLQJVRIGLIIHUHQWSK\VLFDOGRPDLQVWKXVWKHFRPSOH[IOXLGG\QDPLFSURFHVVHVDUH
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+HDW VRXUFHV DUHXVHG WRPRGHO WKHKHDW LQSXW IRU ODVHUEHDPZHOGLQJ'HILQHG LQ(T DQG WKHYROXPWHULF
SRZHUGLVWULEXWLRQRIWKHGRXEOHHOOLSVRLGDODQGFRQLFDOKHDWVRXUFHFDQEHVHHQDFFRUGLQJWRGoldak>@:KHUHa
bcIcUrNRNDQGzDUHDVHWRIJHRPHWULFDOSDUDPHWHUVfDQGfff UHSUHVHQWWKHHQHUJ\GLVWULEXWLRQWRWKH
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)RU WKH PHFKDQLFDO DQDO\VLV WKH JRYHUQLQJ HTXDWLRQ LV JLYHQ E\ WKH PRPHQWXP EDODQFH 1HJOHFWLQJ LQWHUWLD
IRUFHV WKLV OHDGV WR WKH IRUPXODWLRQ LQ(T ZLWKı EHLQJ WKH&DXFK\ VWUHVV WHQVRU DQG WKH ERG\ IRUFHVb 7KH
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ࡿ   
:LWKLQWKHIUDPHZRUNRI)(0WKHZHDNIRUPXODWLRQRIWKHJRYHUQLQJHTXDWLRQVLVXVHG)RUGHWDLOHGGHULYDWLRQV
RIFRUUHVSRQGLQJHTXDWLRQVLWVKDOOEHUHIHUHGWRCardona>@RUWROLWHUDWXUHBathe >@Lindgren>@DQGRadaj>@
3.2. Finite Element Models  
+DUGQHVV PHDVXUHPHQWV )LJ  DE VKRZ WKDW ERWK EDVH PDWHULDOV H[KLELW VRIWHQLQJ ZKLOH ZHOGLQJ GXH WR
UHFU\VWDOOL]DWLRQRIWKHPLFURVWUXFWXUH7RPRGHOWKHPDWHULDO¶VVRIWHQLQJDPHWKRGRORJ\VLPLODUWROssenbrink>@LV
DSSOLHG LH WHPSHUDWXUH DQG SHDN WHPSHUDWXUH GHSHQGHQW IORZ FXUYHV DUH GLUHFWO\ XVHG IRU WKH PHFKDQLFDO
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)RUWKHUPDOVLPXODWLRQWKHUPRSK\VLFDOPDWHULDOGDWDLVLPSOHPHQWHGLQWRWKHQXPHULFDOPRGHO7KH)(PRGHOV
FRQWDLQWHPSHUDWXUHGHSHQGHQWPDWHULDOSURSHUWLHVIRUWKHUPDOFRQGXFWLYLW\KHDWFDSDFLW\DQGODWHQWKHDW$FRQVWDQW
FRQYHFWLYHKHDW WUDQVIHUFRHIILFLHQW LVDVVXPHGIRU WKHRXWHUVXUIDFHVZKLOHFRROLQJ7KH WKHUPRSK\VLFDOPDWHULDO
GDWDRIWKH$O&XRYHUODSMRLQWDUHGHULYHGEDVHGRQPLFURJUDSKVLHWKHDPRXQWRIPROWHQFRSSHUDUHDZLWKLQWKH





DQG WKH $O&X RYHUODS MRLQW FDQ EH VHHQ LQ )LJ  7KH ERXQGDU\ FRQGLWLRQV DUH GHILQHG HTXLYDOHQW WR WKH






3.3. Approaches for Material Modeling of the Al-Cu Dissimilar Material Connections 
,QWKLVZRUNDSKHQRPHQRORJLFDOPDWHULDOPRGHOLQJDSSURDFKRQPDFURVFDOHLVFKRVHQWRVLPXODWHWKHPHFKDQLFDO
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$ JHQHULF PDWHULDO PRGHO DSSURDFK LV VHOHFWHG IRU WKH $O&X ZHOG VHDP VHFWLRQ EDVHG RQ WKH DSSURDFK RI

















4.1. Validation of the Base Material Models 

















%HVLGHVH[SHULPHQWDOYDOLGDWLRQE\PHDQVRIZHOGLQJGLVWRUWLRQV DGGLWLRQDOPHDVXUHPHQWVRI UHVLGXDO VWUHVVHV
DQGWH[WXUHVDUHSHUIRUPHG;UD\GLIIUDFWLRQPHDVXUHPHQWVDUHFRQGXFWHGDWWKUHHGLIIHUHQWSRVLWLRQVRQWKHVKHHW
PHWDOVSHFLPHQV2ULHQWDWLRQGLVWULEXWLRQIXQFWLRQV2')DUHGHWHUPLQHGRQEDVLVRIWKUHHLQFRPSOHWHSROHILJXUHV

















4.2. Comparison of Experimental and Numerical Results for Al-Cu Overlap Joints 
&RPELQDWLRQVRIPXOWLSOH FRQLFDO DQG HOOLSVRLGDO KHDW VRXUFHV IRU WKH WHPSHUDWXUH ILHOG DQDO\]HVRI WKH$O&X
RYHUODSMRLQWVDUHDSSOLHG8VLQJ)(VXEPRGHORIWKHMRLQWVVKRUWHQVWKHVLPXODWLRQWLPHIRUWKHFDOLEUDWLRQSURFHVV
)LJ  D 7KH FDOLEUDWLRQ UHVXOWV DUH FURVVFKHFNHG RQ WKH EDVLV RI WHPSHUDWXUH FXUYHV IRU WHPSHUDWXUH ILHOG
DQDO\VLVUHJDUGLQJWKHFRPSOHWH$O&XRYHUODSMRLQWPRGHO)LJE













FRQQHFWLRQ 6LQFH DSSUR[LPDWHO\  DUHD IUDFWLRQ RI &X(73 EHLQJ GLVVROYHG LQ WKH ZHOGLQJ WKH WKHUPDO
























,Q WKLVSDSHUDPHWKRGRORJ\ZDV LQWURGXFHG WR LQYHVWLJDWH WKHVWUXFWXUDOEHKDYLRURI ODVHUEHDPZHOGHG$O&X
MRLQWV)LUVW WKHPDWHULDOPRGHOVRI WKHKRPRJHQHRXVEDVHGPDWHULDOVKDYHEHHQYDOLGDWHGE\PHDQVRIGLVWRUWLRQV
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